Abstract: This paper compare the different of single carrier frequency domain equalization (SC-FDE) and orthogonal frequency division multiplexing (OFDM), list the disadvantage of the OFDM algorithm and the advantage of SC-FDE system and the frequency domain equalization algorithm. Perform the performance of SC-FDE under the different equalization algorithms is simulated, the comparison of two frequency equalization algorithm was emulate and there is a well method for the single carrier frequency domain equalization.
Introduction
With the development of business types, the requirement for wireless transmission speed and bandwidth is getting increasingly. And a huge obstacle to high rate transmission is the time dispersion caused by the multipath effect. Due to the existence of multipath effect, the received signals contains multipath signals with different attenuation and delay which cause the extending of signal energy in time domain, which leads to the intersymbol interference(ISI).There are more serious intersymbol interference(ISI).if the speed of the signal is faster.
In order to solve the intersymbol interference caused by the multipath effect, the time domain equalization method is proposed, but the complexity of time domain equalization in the high speed transmission system is so high that it is difficult to implement. In order to reduce the complexity of implement. Orthogonal frequency division multiplexing [1] (OFDM) and single carrier frequency domain equalization [2] (SC-FDE) technology are proposed. OFDM is a highly efficient modulation technology. It is widely used because of its excellent anti multipath capability and spectrum efficiency, but its disadvantage is that the peak to average power ratio is too large. SC-FDE technology moves the IFFT module from the transmitter in OFDM to the receiver. It overcomes the problem of high peak average ratio and also has excellent anti multipath capability. SC-FDE technology is adopted in the LTE uplink. The technology of SC-FDE combined with space time processing, interference cancellation and other technologies is maturing which improves the spectrum utilization and improves the system performance. SC-FDE is an effective scheme for future highspeed wireless communication systems which has wide application prospects.
Single Carrier Frequency Equalization Algorithm
Equalization in the article refers to the equalization of channel characteristics that the equalizer of the receiver produces the opposite characteristic of the channel, which is used to counteract the intersymbol interference caused by the time-varying multipath [3] propagation characteristics of the channel. The equalization can be regarded as the process of putting the symbol energy of the transmission symbol extended back to the symbol time slot, which is equivalent to inserting an equivalent filter. The equivalent channels consist of multipath fading channel and the equivalent filter have the characteristic of constant amplitude and linear phase. The linear phase characteristic is achieved by making the impulse response of the equalizer conjugate to the impact response of the multipath channel. Equalization technology can be divided into two main categories: linear equalization and nonlinear equalization technology. The main difference is whether adaptive output is used for decision feedback. If the decision output is not used in the feedback logic of the equalizer, the equalizer is linear; if the decision output is used for the equalizer's feedback logic and changes the subsequent output of the equalizer, the equalizer is nonlinear. After the N mappings, set the element symbols ( 1, 2,......, ) n X n N  compose a block of data, assuming that the channel's impact response (channel gain) is n h , the received data symbol can be expressed as:
In the form, n v represents channel noise, after receiving the N point fast Fourier transform (FFT) to the frequency domain, the received signal can be expressed as:
After the frequency domain equalizing weighting coefficient W k , the receiving terminal frequency signal becomes: (4) The algorithm plays an important role in the equalization process, Due to the equalizer is compensated for the unknown time-varying channel, so it needs a special algorithm to update the equalizer's coefficient to track the channel changes. The equalization algorithm is designed according to some rule, so there are many kinds of algorithms. There are many factors that determine the performance of the algorithm, which mainly include convergence speed, imbalance, computational complexity and numerical characteristics. At present, the two main algorithms for linear frequency domain equalization are the zero forcing (ZF) algorithm and the minimum mean square error (MMSE) algorithm.
ZF Algorithm
The zero forcing [5] (ZF) criterion, also known as the peak distortion criterion, can be simply defined as the Intercode interference in the worst case of the equalizer, and the criterion of the minimization of the performance index. The cascade of the discrete time linear filter model with impulse response } { n h and the equalizer with impulse response } { n w can be represented by the following single equivalent filter.
p is a convolution of } { n w and } { n h , Assuming that the equalizer has an infinite number of taps, the output at the K sampling time can be expressed as:
The first symbol in a formula contains the required symbol (including a constant scale factor). For the sake of convenience, it is normalized to 1. The second is intersymbol interference, while zero forcing equalization is the proper choice coefficients to force intersymbol interference to zero.
The upper Z transformation can be obtained:
This indicates that the equalizer with transfer function is directly the inverted filter of the channel model, which can completely eliminate the intersymbol interference. The zero balance is relatively simple, but it ignores the noise effect and the equilibrium effect is not ideal.
MMSE Algorithm
The MMSE algorithm [6] comprehensively considers the noise and interference in the channel. By adjusting the tap coefficient, the mean square value of the difference between the output of the filter and the required signal is minimized, and the effect of noise and interference is eliminated.
Set the error of N data is n n n e y x   ，Its corresponding mean square value is：
(8) According to the mean square estimation theory, the derivation of the mean square error signal can obtain the coefficient：
Simulation
The channel is set to PA multipath channel. The error rate of the system changes with the signal to noise ratio in three cases without equalization, ZF equalization and MMSE equalization. The result is shown in Figure 2 . It can be seen that when the equalization algorithm is not adopted, the BER of the system is very high, and the bit error rate in SNR=12dB is still up to 1%, which is unacceptable to the general communication system. Using the frequency domain equalization can greatly reduce the transmission error rate. From the comparison of the equalization algorithm, the performance of the MMSE algorithm is superior to the ZF algorithm, and the error rate requirement of the general communication system 10-5 can be reached in the SNR>12, but its computing complexity is higher than the ZF algorithm. 
Conclusions
Compared with the OFDM technology, the single carrier frequency domain equalization (SC-FDE) technology can not only effectively combat the frequency selective fading of the channel, but also realize high rate and large capacity communication transmission, and can avoid the shortage of peak level ratio of orthogonal frequency division multiplexing.
